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FOREWORD 



This report serves a two fold purpose. First, it 
summarizes research on thermal environment in 
schools. Secondly, it reports the status of Ther- 
mal Emdronment and Learning research com- 
pleted and/or underway in the Iowa Center For 
Research In School Administration, 

Researchers wishing a more complete pre- 
sentation of the first pilot study can obtain a 
digest of a thesis entitled “The Effect of Thermal 
Environment on Learning” by Charles Peccolo. 
This thesis contains the design and statistical an- 
alysis used in the study. The cost is $2.00. 

Much further study is planned on the sub- 
ject. The second study has been completed and 
will be published in the near future. It analyzes 
further some of the interesting findings found in 
the Peccolo study. The second study especially 
explores the relationship between intelligence of 
6th grade students and thermal environment, 
and examines the fatigue factor in learning and 
thermal environment. The second study also du- 
plicates part of the first study to ascertain 
whether the same results tend to appear. 

The reader of this brief monograph is cau- 
tioned against making any interpretation, at this 
point, which would infer that the researchers 
feel they have enough evidence to warrant a 
mandate that all school buildings should be air 
con^tioned. However, the evidence does cer- 
tainly bear out that as a minimum, school build- 
ings should be equipped with the best in ventila- 



tion equipment. Heating is no problem — ^ventila- 
tion is a major problem. This is borne out by the 
fact that in the two studies heat w^ induced in- 
to the classrooms only 3% of the time. The bal- 
ance of the problem was ventilation, circulation 
and cooling. Anytime the outdoor temperature 
reached 50F the classroom temperature rose 
above the desirable level unless cooling was intro- 
duced. 

Thermal environment is as important as a 
good a^jsthetic environment. There is little ques- 
tion that heating and ventilating equipment 
should not be compromised in new school build- 
ings. 

This study and others to follow are dependent 
on a team relationship between industry, public 
schools and universities. The University of Iowa 
researchers are professors from educational ad- 
ministration and educational psychology. They 
set the problem to be studi^ and its desip. 
Lennox Industries Inc. provided the facilities, 
equipment and an engineer to work with the 
University staff. The teachers, principals, chil- 
dren and administrative staff of the Saydel pub- 
lic schools provided the all important human sub- 
jects. Mr. Horace Oliver, Superintendent of the 
Saydel Schools and his staff, displayed an out- 
standing dedication to basic research in educa- 
tion— a dedication which the researchers feel is 
an earmark of outstanding educators in this 
country. 

W. R. Lane-^Director 

Iowa Center For Research In 

School Administration 




WHAT IS THE PROBLEM AND 
WHY STUDY IT? 

Common sense tells us that workers’ morale 
and production can be sustained and improved 
if they work in a comfortable indoor environment 
throughout the year. Recently industrial re- 
search has proved this relationship between en- 
vironment and efficiency. Experiments have 
shown that improvement of thermal environ- 
ment will increase production in all areas of in- 
dustry, from heavy manual labor to clerical op- 
erations.^ 

Classrooms over-heated 

Common sense also tells us that school chil- 
dren are apt to be more productive if the class- 
room they occupy is comfortable. However, 
classroom visitation shows that teachers. and ad- 
ministrators do not attach much importance to 
thermal environment. There is little thought or 
concern about proper humidity, proper mr move- 
incnt^ rsinovfiil of odors or ovor heating. Studies 
show that in January and February, classrooms, 
even in the northern part of the country, are 
over-heated (sometimes to 90F or higher) . When 
there is some concern for proper temperature, it 
is normally to keep the adult teacher happy, not 
the young students.^ Even teachers, who hke 
some control over classroom environment, are of- 
ten hampered by locked therniostats, malfunc- 
tioning equipment, and the limitations of open 
window” ventilation. 



Equipment often minimal 

When a new school is being designed and it is 
necessary to cut costs, often among the first 
things cut from specifications are classroom umt 
ventilators. In their place goes some type of mex- 
pensive baseboard radiation that can neither 
bring in outdoor air for ventilation nor circulate 
the room air. The public’s main criterion is can 
we keep the school warm in winter?” No mato 
what outdoor temperatures might be, the pubhc 
considers cool air a luxury in school buildings. 
This is true even though more and more people 
consider air conditioning necessary in their of- 
fices, stores, factories and homes. 

Another example of lack of concern for ther- 
mal environment is the extensive use of glass 
which creates both solar heat gain problems and 
heat conduction problems. 

It appears that research is necessary to show 
whether thermal conditions in a classroom have 
a bearing on the learning processes and behavior 
of children. We have many reports of test pan- 
els and questionnaires on pupils’ complaints 

♦low, C,nt,r li,ld sfudias ,nd building *urv,y*. 



which tell us what people think about thermal 
comfort. But there is very little experimental 
data on the effects of classroom thermal environ- 
ment on measurable school performances. 

WHAT WE PROPOSE TO STUDY 

Early in 1961 researchers of the Iowa Center 
for Research in School Administration decided 
it was time to go beyond opinion &ud conj^ture 
about the effect of thermal conditions on leari> 
ing. A long range research program was proposed 
seeking answers to these questions: 

I. How is a given type of learning affected by 
differences in the components of thermal 
environment? 

A. Temperature 

B. Humidity 

C. Air Movement 

D. Combinations of factors A, B, C. 

II. How do differences in thermal environment 
affect different types of learning? 

A. Academic skills (simple addition, 

etc.) . 

B. Mechanical skills (coding, number 

matching, etc.) 

C. Conceptual learning (social studies, 
science, etc.) 

III. How do differences in thermal environment 
interact with the mode of presentation and 
type of material? 

A. Audio-visual 

B. Teaching machines, programmed 
learning, etc. 

IV. How do differences in thermal environ- 
ment affect behavior in the classroom? 

A. Pupil behavior 

1. Discipline 

2. Restlessness 

3. Sleepiness 

4. Tolerance for frustration 

5. Anxiety 

6. Absences 

7. Fatigue 

B. Teacher behavior 

1. Tolerance 

2. Anxiety 

3. Absences 

4. Morale 

V. Do differences in thermal environment af- 
fect pupils of Afferent ages to about the 
same extent? 

VI. Do differences in learning occur when chil- 
dren are placed in well lighted, windowless 
rooms with ideal thermal conditions? 

A. Effect on morale 

B. Other psychological effects 

Parts of the above research program have been 
selected for immediate experimentation and 
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study. One pUot study is completed and a sec- 
ond is under way. These studies involve actual 
teaching situations, and give researchers an op- 
portunitv to examine the problems of conducting 
thermal experiments with school children. 

The completed study ' in the Iowa Center ser- 
ies was to determine whether children in a model 
(good) thermal environment (temperature 69- 
74F; relative humidity 40-60%; air movement 20- 
40 feet per minute) would learn better than 
children who were placed in a mar^nal environ- 
ment characterized by poor ventilation, over- 
heating, and uncontrolled humidity. 



RESEARCH AND STUDIES TELL 
ABOUT THERMAL ENVIRONMENT 

Many researchers and authorities on thermal 
environment* were polled on the desirable indoor 
climate. While no two researchers agref3 on 
exact combinations of temperature, air 
ment, and humidity, most recommendations fall 
within the following limits: (1) Air tempera- 
ture from 69F to 74F. (2) Relative humidity 

between 40% and 60%. (3) Air movements from 
20 to 40 fpm. These recommendations reflect the 
modem theory called the Thermal Concept of 
Ventilation. 



The first scientific theory advanced to explain 
the effect of the atmosphere upon hunum health, 
comfort and efficiency was called the Carbon Di- 
oxide Theory. About the time of the American 
Revolution physiologists presented the view 
that the presence of carbon dioxide caused the 
bad effects so noticeable in a poorly ventilated 



room. 

Soon hygienists demonstrated that the increase 
of carbon dioxide, even in the worst ventilat^ 
room was not enough to bring about the toxic ef- 
fects which had been observed. Pettenkofer, in 
1863, theorized that Organic Effluvia (noxious 
gases) given off by the body and lungs were the 
harmful elements in stale air. Unfortunately, no 
one was able to identify these organic substances. 
Pettenkofer then assumed that his hypothetical 
gases would be given off from the body in the 
same proportion as carbon dioxide. Allo'wung 
that double the normal content of carbon diox- 
ide would be safe, he arrived at a standard of 
2000 cubic feet of fresh air per person per hour or 
30 cfm. 

Engineers of that time believed that ventila- 
ting at a rate above three air changes per hour 
could not be effected without undesirable drafts. 
As a result minimum square footage allowances 
per person (by dividing 2000 by three) were^t 
for schools and other crowded places of assembly 
by the legislatures of many states. 



Dr. Winslow, chairman of the New York 
Commission on Ventilation, observed that the 
arithmetic of Pettenkofer was fine but the basic 
assumption was faulty. ‘‘These well meant but 
misguided standards cost millions of dollars in 
the aggregate and greatly retarded the develop- 
ment of accurate and efficient methods of air 

conditioning.”® tt -x j 

Modern research in Germany, the United 

States and Great Britain has contributed a body 
of knowledge referred to as the Thermal Concept 
of Ventilation. It has been established conclu- 
sively that chemical modification of the air, re- 
sulting from gaseous excreta of human beings, is 
not harmful to health. Such symptoms as head- 
ache, fatigue, dizziness and nausea experienced m 
crowded and poorly ventilated rooms are now 
attributed solely to inadequate heat loss from 
the body. And the feeling of freshness when a 
closed room is ventilated or when we ^erge into 
outer air is due primarily to effective cooling 
of the body.* 

IOWA PILOT STUDY ON LEARNING 
AND THERMAL ENVIRONMENT 

The Iowa Center’s first them^ study used two 
groups of students of equal ability, family back- 
ground and school experience. In all, forty-four 
matched pairs of fourth grade students were ch- 
vided into two equal groups and rimked accord- 
ing to achievement as measured by the Iowa 
Tests of Basic Skills. These two groups were 
designated as Control Group (marginal environ- 
ment) and Experimental Group (model environ- 
ment) . , , 

Because the Basic Skills ^ores were closely 

similar, it was possible, by shifting equal-scoring 
children from one group to the other, to obtain 
a good balance between the two groups in other 
factors. Factors controUed in the pairings include, 
age, health, weight, and father’s occupation. To 
equalize motivational factors among the children, 
no child was told whether he was in a classroom 
with a model or marginal environment. The re- 
searchers were fortunate in receiving the conjura- 
tion of the Saydel School District, Des IMoines, 
Iowa, which provided students and teachers for 
the experiment. 

Two kinds of environment 

The experiments were conducted at the Len- 
nox Research School building in Des Moines. 
The school building contains two classrooms 
which in most respects are typical of classroom 
construction within the budget capabilities of an 
average school district. The school, called the 
“Living Laboratory,” was constructed in 1956 for 
the express purpose of probing new, improved 
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and economical methods of heating, ventilating 
and air conditioning classrooms. The architec- 
tural firm of Perkins and Will, Chicago, Illinois 
designed the school. 

The heating, cooling and ventilating equip- 
ment in this school is typical of that currently 
available. Automatic control of heating, ventil- 
ating and air-conditioning is provided. At the 
rear of the school between the two classrooms is 
an equipment room. This area houses hot water 
heating and chilled water cooling equipment, 
electrical control panels and instruments for 
testing and measurement. One classroom has an 
in-the-room gas-fired heater. Complete facilities 



have been provided for automatically recording 
temperature at various positions in the rooms, 
checking velocity and direction of air, and hu- 
midity. 

The research engineer for Lennox Industries 
Inc. and his staff are able to produce any thermal 
conditions desired in the two classrooms. Two 
kinds of environments were maintained for the 
experiment: marginal and model. 

The marginal environment classroom limits of 
temperature, humidity, and air movement were 
determined by instrument readings in the class- 
rooms of the children’s home school. Some winter 
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days the home school temperature went as high 
as 91F. Heated air, discharged from a duct, pro- 
vided the air movement in the home school. The 
velocity of the air across the desks was from five 
to ten fpm. Humidity ranged from 35 to 75%. 
The thermal conditions in the marginal environ- 
ment never reached the extremes of the home 
school. In the marginal room the teacher could 
exercise some control over the environment by 
opening windows and the door and by changing 
the thermostat. But this was no more control 
than she would have in her regular classroom. 

Maintaining the model thermal environment 
in the second classroom was a complex and chal- 
lenging task. Allowable temperature limits of 
70F to 74F were established. The lower end of 
this range was considered best for the heating 
season and the upper range best for the cooling 
season. The differences noted between the best 
winter and summer temperatures are based on 
results of a study conducted by the ASHAE Re- 
search Laboratory published since 1950 in the 
Guide as a Comfort Chart. This study indicates 
occupants were comfortable at a higher effective 
temperature in summer than in winter. Air 
movement was kept between 20 and 40 ft)m in 
the occupied area. 

Rapid fluctuations in internal heat gains 

The activities in a normal school day and var- 
iations in sunsliine made control of the model en- 
vironment difficult. Physiologists tell us that 
each elementary child gives off heat equal to a 
100-watt light bulb. Any experienced teacher can 
testify to the effects of introducing a class of ac- 
tive youngsters into a comfortable classroom im- 
mediately following recess. Temperature of the 
room jumps 4F to 5F unless compensated by air 
cooling. 

Each time the boys and girls entered the class- 
room, especially after recess, a considerable heat 
gain was experienced, even in winter weather. 
Further the ‘‘Living Laboratory,” like most con- 
temporary 'schools, has a considerable amount of 
glass window area. Solar gain fluctuates through- 
out the year and had some effect despite the 
roof overhang of six feet. All fluctuations were 
controlled by mechanical means in the model 
classroom. 

The research team discovered that if the out- 
door temperature rose above 50F, the model en- 
vironment required ventilation and mechanical 
cooling, not heating. This was consistent with 
heat loss vs. heat gain for this particular installa- 
tion and varied with the amount of solar gain. 
In the first study, March and April, 1962, the 
model environment r^uired heating and cooling 
as noted in the following table. 



TABLE 1. HEATING-COOLING CYCLES FOR 
MODEL ENVIRONMENT 



Cycic 



% of Occypiod 
Tim* 



% of Outdoor Air 
Introduced During 
Cycle 



Heating 



25 



Ventilation — outdoor air 



32 



100 



Mechanical cooling 



31 



*100 or 25 



None — Heat Lose vs. 
Heat Gain in balance 



34 



25 



100 % 



*lf outdoor temperature was below 70F, 100% outdoor air was introduced 
to the room. If outdoor temperature was above 70F, 25% outdoor air was 
introduced to the room. ^Reirigeratiop machi.ieiy operated if outdoor air 
alone could not do the entire cooling fob. 



In general the relatively small heating time oc- 
curred in the morning when outdoor temperature 
was low. A total change of air in the model room 
occurred about six times per hour. By volume, 
each change of air contained about twenty-five 
per cent outdoor air. 



WHAT WE STUDIED 

Thus, two groups of matched students and 
their teachers were engaged in a normal elemen- 
tary school routine in two different thermal en- 
vironments. As we shall see, the learning studied 
was designed to insure that the only difference 
in the total experience of each group was the dif- 
ference in thermal environment. Therefore, any 
significant differences in learning efficiency 
could be attributed to differences in thermal en- 
vironment. 

In the study the tasks to be measured were 
administered by one of the researchers. The regu- 
lar teachers taught the normal school subjects. 
Learning in the experiment was measured by the 
number of correct responses to a repeated series 
of ten paper and pencil tasks. Five tasks involved 
reasoning activities, four dealt with routine 
clerical activities and one dealt with new con- 
cepts gained via films. Each task was performed 
at least once a week, several were done daily. 

A half hour in the mormng and in the after- 
noon were required to perform the experimental 
tasks. Otherwise, a normal elementary school 
routine was followed. Several considerations 
governed the choice of materials utilized in the 
measurement of specific learning by the children. 
It was desirable to tap as wide a range of types 
of activities as possible. It was necessary, how- 
ever, to use task materials of the kind and level 
common in public school curricula, and tests that 
called for fairly short, quick reaction. Of course, 
it was important to use for every task such ma- 
terial as would lend itself to objective measure- 
ment. See Chart No. 1, page 9.) 



The tasks were intended to measure three 
types of activities which take place in the class- 
room: 

1. Clerical and Routine Activities — The tasks 
selected to measure gain in this type of ac- 
tivity were: 

(a) checking names 

(b) checking numbers 

(c) finding and canceling letters 

(d) finding and canceling digits 

2. Reasoning Activities — the tasks selected to 
measure gain in this type of activity were: 

(a) mazes 

(b) design completion 

(a) analogies 

(d) addition 

(e) solving arithmetic problems 

3. Activities involving new concepts in a con- 
tent field (e. g., scientific information pre- 
sented on film followed by objective tests 
of film content; care was taken to select a 
content field with which all children were 
unfamiliar) . 

(a) the Earth: Its atmosphere 

(b) the Earth: Changes in its surface 

(c) the Earth: Resources in its crust 

(d) the Earth: Its oceans 

The experiment began March 19, 1962 and was 
completed May 1, 1962. The tasks were per- 
formed simultaneously in the two classroonp. 
The researcher was with the control group in 
the morning of the first day and with the experi- 
mental group (model environment) in the after- 
noon of the first day. The order was reversed on 
the second day. WTien a film was shown, the 
researcher presented the film to both groups and 
the teachers administered the tests. 

Each time the youngsters practiced an experi- 
mental task (reasoning, clerical or new concepts) 
the materials were presented in folios prepared 
in advance. The folios for each practice session 
were placed, face down, on the students’ desks by 
the researcher. The printed directions ac- 
companying each task were employed as a mat- 
ter of group instruction. There was no private or 
individual help. Practice and testing sessions 
were carefully timed so that children in each en- 
vironment had equal practice and test periods. 

Experiment repeated 

One of the classrooms has a ceiling which is 
twenty-four inches higher than the other. This 
difference was planned by the architect to be in 
scale with secondary school furniture originally 
used in this room for display purposes. To be 
sure that the difference in room volume had no 
influence on the results, the experiment was re- 
peated using a second set of fourth graders. 



For the duplicate experiment the rooms were 
switched for the model and marginal environ- 
ments. Thus, the total experimental group was 
compared — cWldren exposed to model the:mal 
conditions, half of them in the high ceiling 
room (first experiment) and half of them in the 
low ceiling room (duplicate experiment). The 
total control group was the children subjected 
to the marginal environment in the two repeti- 
tions of the experiment. 

WHAT DID WE FIND? 

Time trials or tests were made of clerical tasks, 
reasoning, and new concepts. The first was in the 
home school, trials 2, 3, and 4 at the “Living 
Laboratory,” and the fifth back at the home 
school. 

Model environment students did better 

Considering repetitions of the experiment, 
every child showed large improvement in three 
types of activities. But in every reasoning activ- 
ity the boys and girls in the model environment 
improved more than the control group in the 
marginal environment. When analysis of var- 
iance procedures was used, the superiority of 
the reasoning task scores made in the model en- 
vironment was statistically significant. That is, 
the average of reasoning task scores obtained by 
youngsters in a model environment was superior 
to an extent that could not be attributed to 
chance. 

Performance of clerical and routine activities 
was measured by the tasks presented in Table 3. 
For all the clerical and routine tasks the results 
favored the experimental group in the model en- 
vironment, The higher gains made by pupils in 
the model environment were statistically signifi- 
cant for the first two, checking names and check- 
ing numbers. These clerical activities called for 
quick recognition and response. The clerical ac- 
tivities tasks involving the canceling of letters 
and numbers were more routine and monotonous 
in nature; in this instance the effect of the differ- 
ence in thermal characteristics was not nearly as 
great. 

The researchers attempted to measure the 
learning of new concepts (presented by sound 
films) in the two environments. The Coronet 
Film series, “The Earth” was used to introduce 
scientific concepts. Each view of the series was 
followed by an objective test. Pupils who viewed 
the films and were tested in the model environ- 
ment out-performed the control group when 
both the first and second experiments were con- 
sidered (Table 4). The difference between the 
mean scores was not satisticaUy significant. 




REASONING TASKS 

TABLE 2. AVERAGE SCORES MADE BY CONTROL AND EXPERIMENTAL GROUPS 



(Task scores arc not related) 



\ 




TABLE 3. AVERAGE SCORES MADE BY CONTROL AND EXPERIMENTAL GROUPS P 

(Task scores are not related) 




Chacking Numbars 
Canceling Lattars 



Control 

Expar. 

Control 

Expar. 



25.32 

23.64 



32.48 

30.59 



32.18 

33.73 



39.84 

42.25 



36.82 

41.61 



13.50 

17.97 



Cancaling Numbars 



Control 
Expar. 

•Control— Marginal Environmanti Expar.— Modal Envlronmant 



45.73 

40.61 



46.89 

48.36 



52.93 

54.77 



55.07 

57A3 



53.23 

56.34 



7.50 

15.73 



NEW CONCEPT TASKS 

TABLE 4. AVERAGE SCORES MADE BY CONTROL AND EXPERIMENTAL GROUPS 




o 
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♦Control— Marginal Envlronmant; Expar.— Modal Envlronmant 
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CHART NO. 2 
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RELATIVE STAND1^|G OF CONTROL GROUPS 

CONTROL GROUP SCORE IS CONSIDERED AS loOV. 



At th* beginning of the test both groups performed about the 
seme. 

High ability students did better in model 
environment 

Qmte by chance the researchers discovered 
that the learning efficiency of high ability 
students was more positively affected by a model 
environment than that of low ability students. 
As mentioned earlier, it was considered necessary 
to duplicate the experiment with a second set of 
fourth grade children. It happened that the 
achievement level of this second set of fourth 
graders was judged to be higher than the aver- 
age of the first groups of subjects as measured 
by the Iowa Test of Basic Skills. When the re- 
sults were analyzed it was apparent that a model 
environment had less influence oi learning of 
students of lower past achievement. When the 
students were classified as high level or low^ level, 
the average scores of high level students in the 
model environment were significantly higher than 
the average scores made by high level students 
in the margind environment. Students desig- 
nated as high achievers performed better under 
model thermal conditions in nine of the ten 
tttsks* 

Placing low level students in a model thermal 
environment had quite diffepnt results. Loiu 
level students in a model environment surpassed 
the performance of low level students in a mar« 
ginal environment in eight of the tasks. The low 
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At fhb conclusion of fh« fast fho sfudonh in fh* •xp«rimbnf*l #n- 
vironm*nt did nuich betftr than fht control group* 



level students in a marginal environment excelled 
in working mazes (a reasoning task) and learn- 
ing of new concepts. (This varied effect on abil- 
ity levels of a model environment led to another 
study in which ability is controlled.) 

Student opinion sought 

The students’ reactions to their environment 
were also of interest. The boys and girls were 
asked to complete comfort data blanks each day. 
They were asked to check one of i he following re- 
sponses: “The room is too cold for me,* just right 
for me; or too hot for me” at intervals spaced 
throughout the day. Students used in the first 
experiment (those of lower past achievement) 
had markedly fewer complaints than the second 
group, regardless of their thermal environment. 
The boys and girls of the duplicate experiment 
(those of higher achievement) appeared more 
sensitive to thermal conditions. 

The typical pattern of responses in the mar- 
ginal environment indicated most of the students 
were comfortable at the beginning of the day, 
and then an increasing number checked “too hot 
for me” towards late afternoon. In the model 
environment a more balanced pattern was evi- 
dent. Typically three or four were too cold, a 
majority said “just right” and three or four re- 
plied “too hot.” 



CHART NO, I 

9 EXPERIMENTAL 
group 























WHAT DOES THIS MEAN? 

Preliminary research by the Iowa Center re- 
veals that there is a significant positive relation- 
ship between the thermal environment in which 
children work and study and their efficiency in 
learning. Children did learn better under model 
thermal conditions. The knowledge of this re- 
lationship affords us increased control over men- 
tal functions in the classroom. It adds to our un- 
derstanding, gives us power to increase efficiency 
in learning, and places on us the responsibility to 
provide the favorable environment for learning. 

School administrators, boards of education, 
and architects who are responsible for designing 
and constructing school buildings must pay care- 
ful attention to thermal conditions in school 
buildings at the time of planning new consi^c- 
tion or extensive remodeling. Economies gained 
at the expense of adequate heating and ventilat- 
ing systems may well have the ultimate effect of 
inhibiting learning! The large amount of glass 
in classroom buildings is questionable. Large ex- 
panses of glass make it extremely difficult to con- 
trol thermal environment. 

Teachers must become more aware of thermal 
conditions. All too often the mode of dress for 
teachers is greatly different from that of stu- 
dents; and considering physiological differences 
due to age, it is not sm’prising that a given set of 
room conditions are not optimum for both 
teacher and pupils. 

The initial thermal environment studies by the 
Iowa Center have brought up questions for ^- 
ther research. The experience gained in prelim- 
inary investigations will enable the researchers to 
continue the studies with more refined equation 
of teaching, environment, and students. 

CURRENT RESEARCH 

At present the Iowa Center is experimenting 
with learning of sixth grade pupils in model and 
marginal thermal environments. Students have 
been placed in matched pairs according to intelli- 
gence as measured by the California Test of 
Mental Maturity. As a result, the interaction of 
thermal conditions, intelligence, and learning ef- 
ficiency can be examined in detail. In the cur- 
rent study, programmed learning materials are 
used further to insure equality of instruction. 
Scheduling of learning tasks in the daily program 
will be examined to determine if there is a fatigue 
factor which can be overcome in a model en- 
vironment. A report of this research will be 
forthcoming in a later Iowa Center publication. 

Already very specific questions have been 
raised: 

1. Will narrower ranges in the control of the 



elements of the thermal environment mean pro- 
portionately greater gains in learning? 

2. Is there an inter-relationship between tem- 
perature, humidity and air movement? Will 
learning be affected if one or two of these fac- 
tors are at an optimum level and the third not at 
optimum level? 

3. Would the superiority of the group in an 
ideal thermal environment become even greater 
if the experiment were extended over a greater 
length of time? Or would it reach a ceiling or 
plateau of successful utilization? (Study now 
underway. ) 

4. What role, if any, does the thermal environ- 
ment play in partially neutral functions such as 
hearing and vision, in pure memory, in learning 
of vocabulary, in reaction time, in uses of auto- 
mated teaching devices, in fine muscle work and 
the creative arts? (Study now underway.) 

5. Is there any relationship between pupil and 
teacher morale and thermal environment? 

6. Can learning be sustained at a high level 
in a windowless, well lighted, attractive class- 
room if thermal environment is ideal? 

7. Is there a fatigue factor present which c^ 
be overcome in a model environment? Do chil- 
dren tend to tire more by the middle of the af- 
ternoon in a poor thermal environment than in 
a model environment? (Study now underway.) 

Further analysis should be given to the phe- 
nomena regarding individual intelligence and re- 
action to thermal environment. (Partly includ- 
ed in a study now underway.) Further studies 
should be developed using students from various 
grade levels ranging from kindergarten through 
college. (Older students — 6th grade — ^are now 
used in a second study.) 
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